Abstract: A highly efficient, green and simple solvent-free method for the synthesis of 1-amidoalkyl-2-naphthols via one-pot multi-components condensation of 2-naphthol, aromatic aldehydes and amides in the presence of catalytic amount of silica-supported molybdatophosphoric acid (H 3 PMo 12 O 40 .xH 2 O/SiO 2 , 3.17 mol%) is described. The reactions proceed rapidly and the title compounds are produced in high to excellent yields.
Introduction
1-Amidoalkyl-2-naphthol derivatives are of importance because they can be easily converted to the important biologically active compounds, 1-aminoalkyl-2-naphthols, by amide hydrolysis reaction. The hypotensive and bradycardiac properties have been reported for this class of compounds 1,2 . 1-Amidoalkyl-2-naphthols can be also converted to 1,3-oxazine derivatives 3 . 1,3-Oxazines have potentially different biological activities including antibiotic 4 , antitumor 5 , analgesic 6 , anticonvulsant 7 , antipsychotic 8 , antimalarial 9 , antianginal 10 , antihypertensive 11 and antirheumatic properties 12 . One-pot multi-components condensation of 2-naphthol, aromatic aldehydes and amide derivatives or acetonitrile has been used as a practical synthetic routes toward 1-amidoalkyl-2-naphthols [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Several Lewis and Brønsted acids have been applied for this transformation including Ce(SO 4 ) 2 13 , Montmorillonite K10 14 , iodine 15 , cation-exchanged resins 16 22 . However, many of the reported methods suffer from one or more of the following drawbacks: (i) low product yield, (ii) prolonged reaction time, (iii) the use of large amount of reagent, (iv) the use of toxic reagents and (v) incompatibility with the green chemistry protocols. Therefore, search for finding a protocol for the synthesis of 1-aminoalkyl-2-naphthols that are not associated with the above disadvantages is still relevant.
Heteropolyacids are important catalysts in industries for fine organic synthetic processes related with fine chemicals such as synthesis of antioxidants, medicinal preparations, vitamins and biologically active substances 23 . They are more active catalysts than conventional inorganic and organic acids for a variety of organic reactions [24] [25] [26] [27] [28] [29] [30] [31] . Among heteropolyacids, molybdatophosphoric acid (H 3 PMo 12 O 40 .xH 2 O) is a good promoter due to its high acid strengths, thermal stabilities, low reducibility and atom economy 24, [28] [29] [30] [31] .
Recently, the use of catalysts and reagents supported on solid supports under solventfree conditions has been developed because such reagents not only cause to simplify the purification processes but also help to prevent the releasing of toxic reaction residues into the environment [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Moreover, due to moisture sensitivity of some reagents; application of them in organic reactions is difficult. This problem can be solved by supporting of them on solid supports [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Handling of solid-supported reagents is also easy. Silica gel is one of the most interesting solid supports and is inexpensive, reusable, commercially available and environmentally benign which has been used in various organic transformations [36] [37] [38] [39] [40] [41] [42] . Consequently, it is noteworthy that the combination of safe supported-catalysis with the use of solvent-free technique represents a suitable way toward the so-called "ideal synthesis" 32-42. In this paper, we report a new, efficient and simple method for the synthesis of 1-aminoalkyl-2-naphthols from 2-naphthol, aromatic aldehydes and amides in the presence of H 3 PMo 12 O 40 .xH 2 O/SiO 2 as a green catalytic system under solvent-free conditions (Scheme 1). It is worth noting that this method has none of the above-mentioned disadvantages at all.
Experimental
All chemicals were purchased from Merck or Fluka Chemical Companies. Silica gel 60, 0.063-0.200 mm (7-230 mesh ASTM) was applied as support. The structures of known compounds were identified by comparison of their melting points and spectral data with those in the authentic samples. The 1 H NMR (250 or 300 MHz) and 13 
General procedure for the synthesis of 1-amidoalkyl-2-naphthol derivatives
To a well-ground mixture of 2-naphthol (2 mmol, 0.288 g), amide (2.4 mmol) and H 3 PMo 12 O 40 .xH 2 O/SiO 2 (0.350 g, 3.17 mol%) in a 10 mL round-bottomed flask connected to a reflux condenser, was added aldehyde (2 mmol) and the resulting mixture was stirred in an oil-bath (120 °C) for the appropriate time. After completion of the reaction, as monitored by TLC, the reaction mixture was cooled to room temperature, and was added to a column chromatography on silica gel and eluted with EtOAc/n-hexane (1/2) to give pure product.
General procedure for the condensation of 2-naphthol with terephthalaldehyde and acetamide leading to 1-amidoalkyl-2-naphthol and bis-1-amidoalkyl-2-naphthol
A well-ground mixture of 2-naphthol (4 mmol, 0.576 g), acetamide (4.8 mmol, 0.284 g), silica-supported H 3 PMo 12 O 40 .xH 2 O (0.700 g, 6.34 mol%) and terephthalaldehyde (2 mmol, 0.268 g) in a 10 mL round-bottomed flask connected to a reflux condenser was stirred in an oil-bath (120 °C) for 30 min. Afterward, the reaction mixture was cooled to room temperature and warm aqueous ethanol (15%, 20 mL) was added to it and stirred for 5 min (1-amidoalkyl-2-naphthol is soluble in warm aqueous ethanol, however, bis-1-amidoalkyl-2-naphthol is insoluble in this solvent). During this time, the crude 1-amidoalkyl-2-naphthol was dissolved in the ethanol and pure bis-1-amidoalkyl-2-naphthol was remained; thus, two products were easily separated by filtration. Then, the crude 1-amidoalkyl-2-naphthol was purified by column chromatography on silica gel eluted with EtOAc/n-hexane (1/2). Selected spectral data of the products 
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Results and Discussion
To optimize the reaction conditions, at first we selected the synthesis of N-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)acetamide (1) as a model reaction (Scheme 1); thus, to a well-ground mixture of 2-naphthol (2 mmol), acetamide (2.4 mmol) and molybdatophosphoric acid (0.117 g, 3.17 mol%) was added benzaldehyde (2 mmol) and the resulting mixture was stirred in an oil-bath (120 °C) under solvent-free conditions.
Scheme 1
However, in these conditions, a highly sticky reaction mixture was obtained and the product was obtained in 79% yield after 15 min. Increasing the reaction time or the temperature didn't improve the yield. The synthesis of 1-amidoalkyl-2-naphthol 1 was also examined in different solvents including DMF, DMSO, NMP, HMPTA, THF, EtOH and EtOH/H 2 O (1/1, v/v); but, low yields (34-65%) of the product were obtained in long reaction times (2-4 h) in the solution conditions. The yield increased to 91% when the reaction was carried out in the presence of silica-supported H 3 as well as reaction temperature, the multi-components condensation of 2-naphthol (2 mmol), benzaldehyde (2 mmol) and acetamide (2.4 mmol) was tested using different amount of the catalytic system at range of 100-130 °C in the absence of solvent. The results are summarized in Table 1 . As it can be seen in Table 1 To assess generality and scope of the method, 2-naphthol was reacted with various aromatic aldehydes and amides. The results are displayed in Table 2 . As it is shown in Table 2 , using this method, all aldehydes including benzaldehyde as well as aromatic aldehydes possessing electron-withdrawing substituents, electron-releasing substituents or halogens on their aromatic rings afforded the desired 1-amidoalkyl-2-naphthols in high to excellent yields and in short reaction times ( Table 2, compounds 1-13) . The method was also successfully worked when benzamide or nicotinamide was used instead of acetamide in the reaction ( Table 2 , compounds 14-16). 
Conclusion
In summary, we have developed a new protocol for the synthesis of 1-aminoalkyl-2-naphthols as biologically interesting compounds via the one-pot multi-components condensation of 2-naphthol, aromatic aldehydes and amides using silica-supported H 3 PMo 12 O 40 .xH 2 O under solvent-free conditions. The advantages of this method are efficiency, generality, high yield, relatively short reaction time, cleaner reaction profile, simplicity, ease of preparation of the catalytic system, ease of product isolation, and compliance with the green chemistry protocols.
